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F-:rt Dezricx, Maryland "
Studies vit~h fluorescernce-lanbtled antibodies. V. S -L za 1t anc o u'

domonstration of several zntigens by =eans of~ variously- .,o:,ea
fluorescent antilbodies, using Pro..s =raiad Býci -Ins ce: -as

exanpies

by 0. Poetschke, H. Uelhlekn ard _. Killisch.

Tr-nsla:,d from Schweiz. ZL. ?ýath. Balmt. 22: 75-3-765 (19i9) by the
Tecbnr.cal library Branclh, Technical _I=nr~at:ýon Division. j

Recent developments of great pro-mise vnich persit. demonstratiao and
fluoescnesrlgcli'ehdwr iie nyb h atta'roscopic localization of xainute qaantities of antigen by Coo-is' _I

single pigment (fluorescein isocyanate) w-1as available for the produotion
of antibody conjugates.- This requi red that, each antigen be de~nontraetd
separately.-

bimCutanpous identification of twa or tcr~e antigens in- the sama-

; kJ ~stidnce s- of Varicolored -fluorescence. - s-

I+-i de~ esial thteiso ai of the contrasting pigment::
he ejý-_ kffaietlyon he ~ecr=,-ihle til benginduced -o

floec-by -h sine exzit-or soarce and, ii possible, beaing passed-
A through, the za..e c=la sppression. _41 ter.

~ D~tbJ o-raphA-alee-5~. 'otoacid (11.eber- 1052. Claton_
liuer~ 197, ayesbati1957, 1958, Petu'el 1953, Rede- zky 198

;ýlochzo)w 1959) is n~t suitable for sd ri1 taneous anppicatfton wTM*h
f~lio-e~sc'-n- isocyaia-te. -Both pigmients fluorescii in the green zone.

Wde thereýfore searched for red, yellowish-red or yeallow dyc.s.-
indeperdentl-, of and imul"t~aneously with Chadvwick et al. (1958)-, Jehlecke -

(1958 a and 0) showed that various pi~z~nte that coontain sulfonic acid.

gn:iups may be linked teQ proteins asq sulfoiuic acid chlor:,es end thus
become feasible ai tubtical tracer gromn~is- for antbodiess-Uebleke has-

drdioon the -produotiiun adproperties ofsc ai.booces.
pSMloioaie~,;~~c fluoresces -in the reddish-.yjllow zone, and
3-hY-drcx-p,-_yrene.-5.8.lO-tris'Jalfonie aci-d, uhich gives off yellowrish----
green fluorescence,brere chosen for additional tests because of their

cont-~siug igm1-t. Inte courise of ur-investigations we leafned -

of _S_4Iversteir Is (195?) paper on varicolored labeling ofanio s Hie -

utilized-the isocysamtes o.' fluorescei~ri Fnd rhodamine B. -: ~
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• chose two morphologically dissimilar organisms as models L-)r
simultaneous dc.'onstration of t•,ju different antigens: Proteus morgani."
and ,5acillus coreus. '.Je had previouzly subjected the Proteus strain
aqd its labile and stable L-phase to flaoroccent-serologLeal study
(Poetschke, Killisch, Uehleke, 1957).

Various authors have reported on identification of bacterial species
and types with fluorescence-lableled antibodies. Malleomyces pseudo-
mallei (Moody, Goldman and Thomason, 1956; Thomason, Moody and Goldmnan,
1956), 3. typhosa (Thomason, Cherry and Moody, 1957; Silvorstein, 1957),
Streptococcus (C:oody, Ellis and Updyke, 1958; Halperen, Donaldson and
Suljdcn, 1958), H. pertussis (de Repentigny and Frappier, 1956); several
species from the bovine stomach (Hobson and Mann 1957), E. coli (Petuely,
1958; Unitaker, Page, Stulberg and Zuelzer, 19585, Bc. anthracis (Levina,
1958), Shigella (LaBrec, Formal and Schneider, 1958; Kabanova and
Glubokina, 1958), P. pestis (Carter and Leisa, 1958; Wolochow, 1959),
P. tularense, Br. suis and V. comma (Carter and Leise, 1958), Pneumo-
coccus (Silverstein, 1957).

The benavior of isolated bacterial antigens in the animal organism
has been descriYbed by other authors: capsular polysaccharide of
Pne-aococcus (Coons, Creed, Jonas and Berliner, 1942; Kaplan, Coons and
Deane, 1950), KI. pneumoniae capsular polysaccharide, group A (Schmidt,
1952), Streptococcal M protein (iXaplain, 1958), Streptococcal hyaluroni-
dase (Emmart, Cole, May and Longley, 1958).

Material and methods

Antigens: Proteus morganii, strain 18, Bacillus cereus, strain RI1
in agar or broth cultures, incubated at -7oC for 18-20 hours. Suspensions
in NaCi or sterile nutrient broth were streaked on slides. Air-dried
preparations were fi~xed at 370 C with methanol and subsequently dried at
the same temperature.

Immune soaa: Rabbits were immunized intravenously six times at

intervals of 2-3 days with increasing doses of the repeatedly washed,
Rilled bacterial suspensions. Native immune sera against Proteus
agglutinized up to dilution 1:12800. In view of the spontaneous
agglutination of Be. cereus, the upper limit of agglutination could not
be established precisely, but was found to-be above 1:1000A

Geazm globulin was precipitated by addition of 4C% (v/v) saturated
amionium sulfate solution. Precipitation was repeated once. Gamma
globulin solutions were stored at -24ZYI.•fter dialysis against NaCl -
phosphate buffer solution (pH -" 7.4).

Preparation of sulfochlorides: The method described by Uehleke
(1958 b) was slightly modified. Dry PCI5 was placed in a dry mortar
with the pigment (sulfzorhodamý.ne B or 3-Igdroxy-pyrene-5.8.10-trI-

2



I t

n:r a ratio o: 2: T a ixture is vigorously around for
to aspirator. t sulfochloride is dissolved

1r 10 ci o f cd, non-aqcuec'• a cot ,%e ana filtered into a ground tube
'harg&d vat• •v e Na2 04O. In the case of pyrene sulfochloride, precipi-
tatiorn i:;.t be privented by adding 0.5 to 1.0 g ti-(hydroxcymethyl)-
aminsmethanc (tris buffer) in substance to the acetone prior to filtration.
Suf1•h!z~ozcs, dissolved in acetone, are stored at ca. /0lC in the
exsi cator, whare they are preser-ibd for some time.

The concentration of rhocdamine-sulfochlorido was eotabl-.shed colori-
rtn cally by d&luting first irLth acetone (1:20) and then in uater
(te:x-tnal dilution 1:5000 to 1:10000 of. the stored solution). As standard
vwi. ut;ed non-chlorinated pigment. Pyrene-sulfoc.hloride is not suitable for
-u'on ixasurements.

Conjugation: 4-6 rg rhodaxnine-sulfochloriae were added to 300 =g
pxotein, determined by the biuret method. 2 ml protein solution, 4-6 ml
0.25 jiole tris buffer, pH 9, and 10% of the total volume in dioxane are
muxed in a wide test tube. All solutions must be pro-cooled to ca. ,l°C.
Sulfochloride, diluted with acetone to a volume of about 0.5 ra, is
added to the globulin solution in small amounts with a tuberculin syringe
under constant stirring.

We added pyrene sulfochloride to the acetone solution in quantities
that still showed dispersal without turbidness in the protein solution.
Conjugates were stirred for 4 hours in the cold. This was followed by
cold dialysis against repeatedly replaced NaCl-buffer solution, pH 7.4.
Conjugated globulin solution was mixed once or twice with animal charcoal
(50 mg/ml), allowed to stand for 15 minutes at room temperature after
repeated stirring, and then centrifuged under cold conditions at ca. A

10000 r.p.m. Treatment with liver powder proved unnecessary when sera
of high quality were involved, since remnants of non-specific coloration
disappear as coon as sera are diluted for staining (1:5 to 1:40).
Conjugated sera were stored at /40C. We did not observe bacterial con-
tamination of sera. It seems that conjugated sera had antibacterial
properties.

3,taining as described by Coons: Globulins subjected to varicolored
conju.-ation may be employed singly in succession or as a mixture lil.

:."laorescence microscopy: Large fluorescence apparatus by C. Zeiss,
Otarkochen, with HBO 200 Hg high pressure burner. Excitor filter: 1-2
:Z 12 and one heat screen filter. OculAr screen filters 00 4 and 00
by C. Zeiss. The entire optics was a normal glass optics. A metal
surface mirror and a condenser with high aperture are recommended.
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dcsults .

As shown by FiC. 1, both bacterial species aro stained specifically
by homologous ixm.une sera. Anti-Protu3 21oobulin colored green i4..th
hydroxy-pyrene trisulfonic acid chloride stains only Proteus or:;a.-Picms,
which are distinctly different morphologically from Cereus roda or spores
electively stained red with homologoui immune globulin labeled .wit?
rhodamine. It did not matter whether globulins were employed siparately
and in succession, or mixed and siunltansously. SlidcS u` . did
not show non-specific coloration. Staining with labeled globulin was
specifically impaired by pre-treatment with homologous, unlabeled globulin.

Discussion

Results show that dyes with sulfochloride groups may be used in
fluorescence-labeling of antibodies. Since stains with fluore~cence of
various colors are available, there is a possibility that two or more
different antigens in the same preparation may be demonstrable in the
future. The fact that both labbled antibodies may be used simultaneously
as a mixture, without loss of staining specificity, is certainly a step
forward. A number of authors found that the fluorescenco-serological
method offers valuable new possibilities for the identification of minute
bacterial traces. We are only beginning to utilize this new tool in
diagnosis and in pathogenetic, imminological as well as ecological work.

Although the simplicity inherent in the preparation of sulfochlorides 0
is remarkable when compared to the effort required by isocyanates, we do
not claim that these substances.and the method are ideal. The metho-
dology certainly needs improvemen! in several directions: The reaction
during grinding of the sulfo dye Wath PC1 5 is not quantitative. Moreover,,
PCi 5 , PCI3 and POCl are dissolved in acetone in addition to the pigment
sulfochloride. In the described process, these remain in the dye-
sulfochloride solution, o. circumstance which seems to impair its
stability. At any rate, they decompose acetone partially after prolonged
standing, resulting in brown discoloration. Attempts to purify the
material on the basis of the poor solubil..ty of sulfochlorides in water
were not satisfactory. Stain-globulir conjugates revealed quite varkle
durability. Rhodamine was most durable, while ovypyrene occasionally
showed unsatisfactory stability. Trotein may settle out even during
conjugation. It remains to be clarified whether dyes having several,
sulfochloride groups are distributed on more than one protein molecule
or protein-pigment complex. This siz.uation may explain why conjugated
sera show considerable losses in titer (up to 1/100). Only sera of
very high quality should be conjugated. in the .case of mslfo-rhodamine,
especially, the relatively great stability of staining with respect to
the bleaching effect of the excitor source must be stressed.
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S- .. ~d•...,:ze.• ..• • • e wo.rthy contribuTi4on toth

less ato~t-ýfactory and sho. id L_ z'1pl .! -%-gcen fluoriscc_'n-i.!ccyana,.a
o a th-anonptleeulohorle slince these su .. care
r~ow available co=xercially.

Wfe are unable to make compari.•ns -.._t.. the contrasting itzocyanates

ased by SilverstaLn (1958), since we did not eLploy thew..

'-1. Tre l of !mn~e ga.mm globulins with the sulfochlorides
c' various f£uorzcent dyes is described.

2. Sulfo-rhodamiine B, a pigment 4_th reddish-yellow fluorezcence,
proved to be a feasible contrasting agent for hydrocj-pyrsn•-V,:i'ulfo.-ic
acid chloride and other green-fluorescent labeling substances.

"-3. P. morgarZi and Bc. cereus were used to demonstrate that
sizdltan~eous specific staining with a =:.%ture of variously labeled anti-
bodies is possible. /

-4. The potential of the zethod..,s its advantages and dis-
advantages, are discussed. t',

Illustration

Plate III. B. cereus, stained with anti-cereus globulin, labeled
with rhodamine B-sulfochloride (red). Proteus morganii, stained with
anti-Proteus globulin, labeled vith 3-hydrox-pyrene-5..10-trisulfo-
chloride (yellowish-green).
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